ABSTRACT. This work shows that the zone casting -a method for the solution casting based fabrication of oriented anisotropic layers of organic materials -can also be applied to fabrication of patterned layers. In this method, solution is continuously supplied onto the substrate withdrawn at a controlled rate and the solvent evaporates from the surface of meniscus formed between a flat nozzle and the substrate. Due to the presence of the gradient of the solute concentration, its solidification proceeds within the narrow zone localized in the meniscus. In this way solute molecules can be self-assembled at surfaces into different anisotropic nanostructures (columns, rods, lamellae or crystals) uniaxially aligned parallel to the substrate. Under some conditions various phenomena like e.g. dewetting, fingering instability, stick-slip motion etc come into play leading to various periodic interruptions in the film deposition. Examples of continuous and patterned layers of different materials such as low molecular weight (semi)conductors, chromophores, discotic molecules and block copolymers, which can successfully be processed using this technique, are shown. Some of the obtained layers were already shown to have good properties as active layers in field effect transistors.
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Developed over two decades ago in Polish Academy of Sciences for oriented crystallization of charge transfer complexes [11, 12] , in past years zone casting is being "rediscovered" as a general approach suitable for the preparation of long-range ordered, anisotropic organic thin films [1, 13, 14] . In this work there will be shown that patterned layers of various materials can also be obtained by zone casting. We will present several examples of different materials such as low molecular weight (semi)conductors, discotic molecules and block copolymers, which can successfully be processed using this technique. Some of these materials were already shown to have good properties as active layers in field effect transistors [15] .
Zone casting technique has a great not exploited yet potential for formation of patterns. In this paper we do not discuss in detail various phenomena occurring during evaporation from the meniscus leading to formation of patterns of different morphology. Our aim is to show that various types of the micropatterns fabricated by other methods can be reproduced by zone casting. Some of the methods e.g. LB patterning is restricted to amphiphilic molecules on the contrary the zone casting can be applied to a broad range of organic materials: low molecular weight crystalline solids, discotic liquid crystals and polymers.
EXPERIMENTAL
The details concerning the systems: anisotropic polymer composites of polyethylene and polypropylene with organic highly conducting charge transfer complex tetrathiotetracene-tetracyanoquinodimethane (TTT-TCNQ), discotic liquid crystal hexa-(alkyl)-peri-hexabenzocoronene (HBC; alkyl = C 12 H 25 ), polyacrylonitrile-polybutylacrylate (PAN-PBA) copolymer can be found in [12, 13] and [14] respectively. Dithiophene-tetrathiafulvalene (DT-TTF) and bis-(ethylenedioxy)-tetrathiafulvalene (BO) were kindly supplied by C.Rovira (CSIC, Barcelona) and H.Yamochi (Kyoto Uni.) respectively. Metal free, mesogenic four fold substituted phtalocyanine H 2 Pc-O-(14,10) 4 [16] , hereafter Pc, forming discotic liquid crystals was kindly supplied by Y.Geerts (Uni. Libre de Brussel) and Ni-Salen by A.Pucci (Uni. Pisa). Layers of poly(hexyl thiophene) were obtained by A.T. visiting the lab of Prof. T.Kowalewski (Carnegie Mellon Uni., Pittsburgh). Zone casting (see below) was performed using a specially designed apparatus. Figure 1 shows schematically the fabrication of the thin layers by the zone casting. Solution is continuously supplied onto the substrate withdrawn at a controlled rate and the solvent evaporates from the surface of meniscus formed between a flat nozzle and the substrate. Due to the gradient of the solute concentration, its solidification proceeds within the narrow zone localized in the meniscus. The concentration profile depends on the relation between solution supply rate, diffusion coefficient and evaporation rate [1] . Fig.1 . Illustration of the zone casting technique.
Zone Casting Technique
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Solution supply rate, substrate velocity, initial concentration, solvent evaporation rate must be chosen properly to obtain the stationary conditions i.e. the volume of the solvent evaporated in a given time must equal the volume of the solvent (in solution) supplied to the nozzle. Under such conditions an anisotropic layer, with long range order extending over the centimetre scale, can be directionally and continuously deposited on the substrate. Withdrawal of the substrate during solvent evaporation forces the meniscus area to extend in the direction perpendicular to the nozzle. However, the contact angle can not be change too much. If, at a given deposition rate, solution/substrate is broken the deposition of the solute is no longer continuous but step-wise. In the latter case instead of compact continuous layers various patterns are obtained on the substrate. Therefore the wettability of the substrate and the distance between the nozzle and the substrate (h) are also very important parameters.
The zone cast equipment constructed in our lab consists of two heating blocks. The upper block houses a syringe used to continuously supplying the solution to the flat nozzle. The substrate (on which the film is cast) is moved on the surface of the lower block.
Step motor is used to move the piston in the syringe and the substrate. In other version a second motor can drive the substrate independently. Temperatures and velocities are controlled electronically.
RESULTS AND DISCUSSION
Continuous and Compact Layers
In Fig.2 examples of the continuous, compact layers obtained from different materials by the zone casting are shown. Details about these systems were reported in our earlier papers, therefore only the short description is given. Composite films of PE and PP with 1 wt.% of TTT-TCNQ charge transfer complex exhibit highly anisotropic electrical and optical properties [12] . The zone cast layers of HBC [13] have found an application in fabrication of FET devices [16] . It was shown that anisotropic nanostructured carbon layers can be obtained from the layers of the zone cast PAN-PBA copolymers by pyrolysis [14] .
Micropatterns by Zone Casting
As shown above it is now well established that under some conditions the continuous layers can be obtained by zone casting. However the instabilities of the wetting at the interface (dewetting, stick-slip motion, fingering instabilities etc.) which appears within a certain range of conditions leads to formation of disrupted structures and complicated patterns. and AFM image (right) of the columnar structure of the zone-cast 20 nm thick film of HBC [13] . (c)-Scheme of the formation of diblock copolymer PAN-PBA film and the AFM image of the ordered lamellar morphology [14] . The white arrow shows substrate withdrawal direction = casting direction.
Stripes parallel to the casting directions
In case of solution of readily crystallizable molecules as soon as the evaporation from the meniscus starts many nucleation centers appear at the contact line. Separated needles or ribbons parallel to the casting direction are commonly formed rather than a single uniform crystalline plate. This nucleation driven phenomena should be distinguished from the formation stripes of deposited material due to fingering instability (Fig.8) .
In Fig.3 the crystalline ribbons of DT-TTF and Ni-Salen deposited on silicon wafer and on the glass respectively are shown. A bare substrate can be seen between the needles or ribbons. Nevertheless, the coverage of the substrate is high and such layers exhibit high anisotropy of the light absorption. Microscopic defects free parts of many neighboring ribbon-like semiconducting crystals extend over distances of hundreds of microns. Since the distance between the electrodes in organic based electronics devices is considerably smaller (20-100 µm) these layers successfully served as active prototype layers in FET devices [16] .
Stripes perpendicular to the casting direction
The stick-slip motion of the three-phase contact line on the moving substrate (pinning-depinning process) during the course of the solvent evaporation is the most commonly observed instability in the zone casting process. It leads to continuous stripes of the solute perpendicular to the casting direction. The lines are of quite uniform width and periodicity. In Fig.4 stripes of discotic liquid crystals: HBC and Pc perpendicular to the zone casting direction are shown high concentration of the solute at the contact line results in pinning of the solution edge at the meniscus and the deposition of the solute occur. Simultaneously the pinning of the solution edge on the moving substrate results in meniscus expansion until a critical surface tension is reached. The meniscus quickly recedes until the next pinning event. Repetition of the solute deposition, the meniscus expansion and receding cycle leads to periodic pattern. The distances between the stripes in the systems shown in Fig.3 are comparable with their width which is 7-10 µm in case of HBC and ca 2-3 µm in case of Pc. The spacing can be tuned by several physical parameters including the withdraw velocity and evaporation rate.
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Complex Patterns
Under some conditions the two phenomena stick-slip motion and periodic solidification (or crystallization) along the meniscus edge occur simultaneously leading to complicated patterns. The simplest example is formation of dotted stripes.
In Fig.5a there are shown small crystalline plates of Ni-Salen distributed in rows perpendicular to the casting direction. This morphology is different compared to the one shown in Fig.3b . (Fig.3a) ) are shown. In all cases the molecular orientation in crystalline patterns is related to the casting direction. The light transmition for samples placed between crossed polarizers is the highest when the casting direction is tilted by 45º. It implies that the orientation of molecules in the crystals is unique parallel or perpendicular to the casting direction. The overall birefringence of the layers is high.
It is worth noting that by changing the casting conditions various patterns can be obtained from the same solution of the DT-TTF (Figs.5b,c,d ). Another impressive example of the influence of the casting conditions is illustrated in Fig.6 . There are shown optical micrographs of various patterns obtained by zone casting of BO (1.2 mg/ml) solution in ethylene chloride at different casting rate. At a rate 30 µm/min rate crystalline dots are formed on a substrate (Fig.5a ). Crystalline stripes parallel to the casting direction (Fig.5c ) are formed at low rate 10 µm/min while at the intermediate rate 20 µm/min complex knitting pattern (Fig.5b) . (Figs.7a,b,c) which appear white under the crossed polarizes (Fig.7d) .
Treatment of BO with iodine vapors results in formation of metallically conducting salt (BO) 2.4 (I) 3 [17] [18] [19] . We have found that the continuous patterns shown in Fig.6b ,c can be transformed to conducting systems by exposure to iodine vapors without deterioration of their morphology. By this way the conducting microcrystalline patterns with periodicities corresponding to the wavelength of electromagnetic waves in the infrared range were obtained. At lower casting rates the solute crystallizes at the meniscus edge. The presence of the precipitated crystal on a substrate stabilizes the contact line and the formation of droplets is hindered. However complex microflows at the meniscus edge may result in complex knitting pattern as shown in Fig.6b .
Complex patterns always appear when fingering instability and stick-slip motion phenomena are coupled. Formation stripes of parallel to casting direction ("fingers") and complex pattern of polhexylthiophene in statu nascendi are shown in Fig.8 . 
CONCLUSSIONS
Zone casting technique has a great not exploited yet potential for formation of continuous layers and patterns. The method offers the possibility of exploitation the effects observed in droplets in a controllable, continuous way. More importantly the method can be used for various materials from low molecular weight crystalline solid to polymers. Further studies are necessary to get deeper understanding of the mechanisms leading to formation of various patterns and to determine the role of various casting parameters.
